The recently established culture medium, GIT, is applicable to many kinds of cells including mouse and human myeloma cells, and most adhesive cell lines. We applied this GIT medium to mouse B cell hybridoma production. When the medium was used to propagate myeloma cells before cell fusion and also for HAT selective medium, the fusion efficiency was more than twice as high as when the regular medium (RPMI-1640 supplemented with FBS) was used. Constantly more than 80% wells were hybridoma positive irrespective of the antigens used. To determine the optimal cell concentration at the hybridoma selection, a graded number of myeloma and spleen cells was distributed to each well ; the best result was obtained when 3 X 104 myeloma and 3 X 105 spleen cells were distributed to each well. In addition, the GIT medium shows very little lot-to-lot variation. These results indicate that fusion efficiency in mouse B cell hybridoma production was greatly improved by using GIT medium. hybridoma production ; GIT medium ; monoclonal antibody Since Kohler and Milstein (1975) introduced a new technology to obtain a monoclonal antibody directed against a single epitope on an antigen, monoclonal antibodies have been used extensively. The production of monoclonal antibodies to various antigens by the fusion of antigen-sensitized spleen cells with myeloma cells has been expanded to every biological field. Though basic methods have been well established, there is still a need for the more effective, stable fusion efficiency. Good and constant fusion efficiency makes it possible to effectively establish desired hybridoma clones and contributes markedly to the progress of
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We had a chance to use the recently established GIT medium and found that it produced an extraordinarily good growth of myeloma cells, and subsequently used the medium to produce hybridoma.
GIT medium, which was developed as an all-purpose culture medium by Sasai (Takeda Chemical Industries, Ltd., Hikari ; Sasai et al. 1985) , is applicable to many kinds of cells including mouse and human myeloma cells, and most adhesive cell lines. When this medium was used not only to propagate myeloma cells before cell fusion, but also as the basis of the selective medium for hybridoma production, a great improvement of fusion efficiency was observed, compared with even the best results obtained by the regular method using fetal bovine serum (FBS). Constantly more than 80% of the seeded wells produced hybridoma colonies in GIT and the production of antibody in GIT was about twice as high as in the regular medium.
In this paper, we report the experimental results on fusion efficiency, and emphasize the usefulness of the GIT medium as the excellent medium for hybridoma production.
MATERIALS AND METHODS
Myeloma cells. P3X63Ag8-653, a BALB/c non-secretory myeloma cell line (HGPRT less), given to us by Dr. Okumura, Juntendo Medical College, Tokyo, was routinely maintained in RPMI-1640 (GIBCO Lab., Chagrin Falls, OH, USA) containing 10% heatinactivated fetal bovine serum (lot No. 378, Bocknek, Rexdale, Ontario, Canada) at 37°C in a humidified atmosphere of 5° COZ and 95° air. In the present experiments, the myeloma cells were also cultured in the GIT medium (Wako Pure Chemical Industries, Ltd., Osaka). The cell growth in the two media was compared.
Immunization. 8-12 week old BALB/c female mice were inoculated intraperitoneally with a human T cell line (Hut 78, 1 x 106) once a week for three weeks. A final ip inculation was administered on the fourteenth day following the third injection. Three days later, the spleen was removed and dissociated by mincing. In another series of experiments, BALB/c mice were inoculated ip with 0.2 ml of 5% sheep red blood cells (SRBC) by the same schedule as used for the Hut 78 cells.
Cell fusion. The spleen cells from the immunized mice were isolated and washed with serum free-RPMI 1640 medium three times and mixed with washed myeloma cells at a ratio of 10: 1. After centrifugation at 300 X g for 10 min, 1 ml of fusion solution, made of 2 g of PEG 1000 (165-09085, Wako Pure Chemical Industries Ltd.), 2 ml of RPMI 1640, and 0.2 ml of DMSO (B-10-4, No. 134-45, Nakarai Chemicals Ltd., Kyoto), was gradually added to the cell pellet. The cells were kept at 37°C for 1 min, and diluted with warm RPMI 1640 at a rate of 2 ml/min for 5 min. After centrifugation at 200 x g for 10 min at room temperature, the fused cells were resuspended in either GIT or RPMI 1640 supplemented with 1000 FBS at a concentration of 5 x 10 ml spleen cells and 5 x 10 ml myeloma cells. In some cases, the cell concentration was changed.
Fused cell suspension (0.2 ml) was distributed into each well of a 96-well culture plate. Incubation was carried out at 37°C in a 5% CO2 incubator for 24 hr and then the cells were refed with the hybridoma selective medium.
Selective medium. For selective medium (GIT-HIAT, HIAT means HAT plus insulin) for hybridoma production, the GIT medium was supplemented with 2-mercaptoethanol (2-ME, 2 mM), L-glutamine (2 mM), penicillin (100 U/ml), streptomycin (100,ug/ml), insulin (I,10_3 U/ml, Shimizu Pharmaceuticals, Shimizu), dihydroxyethylglycine (DHEG, 1.8 mg/ ml, Dojindo Laboratories, Kumamoto), and 1/50 volume of HAT concentrated solution (Flow Laboratories, McLean, VA, USA, 16-808-49. 50 x HAT solution was made of 5,000 u M hypoxanthin, 20 ,u M aminopterine, and 800 1a M thymidine ). Another selective medium, FBS-HIAT, was composed of RPMI 1640 plus 10% FBS instead of GIT medium ; other chemicals were added as in the case of GIT-HIAT.
GIT medium. The recently established culture medium, GIT medium, was purchased from Wako Pure Chemical Industries, Ltd. The composition of GIT medium is shown in Table 1 . The medium contains a basal medium (a mixture consisting of an equal volume of Iscove's medium and F12 medium with some modifications), insulin, transferrin, ethanolamine, selenite, and GFS (growth factor in serum, a 55 to 70% ammonium sulfate fraction of bovine serum).
Fetal bovine serum (FBS). FBS used throughout the present experiments was Bocknek lot No. 378 and was one of the best lots among 30 tested.
Screening of specific antibody activity in the hybridoma supernatant. Indirect membrane immunofluorescence tests were employed for the anti-Hut 78 antibody assay using culture supernatant as the first antibody and FITC conjugated goat anti-mouse IgG (y+L) (EY Laboratories, San Mateo, CA, USA) as the second. Indirect hemagglutination tests were employed to detect antibody against SRBC. Twenty five ul of the hybridoma supernatant was brought to the wells of a U-bottom microplate, and 25 ,u 1 of SRB C suspension (adjusted to 2>< 108 ml) was added to each well. After incubation at 37°C for 15 min with vibration, the SRBCs were washed with gelatin veronal buffer (GVB) using a microplate centrifuge (Kokusan, H-161, Tokyo) three times. Fifty u 1 of rabbit anti-mouse IgG (MBL, Nagoya), diluted to 1: 300 with GVB was added and the plate was vibrated for 15 min. Incubation was carried out at 37°C for 60 min, and at room temperature for 60 min. By reading the hemagglutination pattern, the antibody in the hybridoma supernatant was examined.
Determination of fusion frequency. To calculate the lowest number of parental cells required to produce hybrids, a microculture examination, in which only a fraction of microcultures (96-well plate wells) responds with hybrid cell growth, was performed. In this experiment, either SRBC or keyhole limpet hemocyanine (KLH,100 jig emulsified with Freund's complete adjuvant) was used as an immunogen ; the immunization schedule was the same as described previously. A graded number of myeloma cells (1, 3 and 10 X 103 cells) and immune spleen cells (1, 3 and 10 X 104 cells) were distributed to each well after cell fusion. As feeder cells, BALB/c thymocytes (1 X 106 cells well) were added to each well. The growth of hybridoma was determined after 14-day cultivation in GIT-HIAT medium. Since the precursor parental cells forming hybrids per well follow a Poisson distribution, the frequency Fo of wells without growth is given by Fo=e-N. If N (average number of precursor cells per well) =1, the frequency of nongrowing cultures represents 0.37 (Fo=e-1= 0.37) (Cianfriglia et al. 1986 ). The fusion frequency was determined according to this formula and the experimental data.
RESULTS
Myeloma cell growth curve. Myeloma cells initially adjusted to 2>< 105/ml in GIT or RPMI 1640 plus 10% FBS (FBS-RPMI) were cultured using 3.5 cm-dishes and the cell number was counted daily (Fig. 1) . During the initial 3 days, the myeloma cells cultured in GIT and FBS-RPMI showed similar growth curves. After the first subcultivation, the myeloma cells cultured in GIT proliferated more rapidly than those cultured in FBS-RPMI. On the third day after subcultivation, the mean myeloma cell number of the three cultivations in GIT was 12.6 X 105/ml, whereas the mean cell number of the three cultivations in FBS-RPMI was 7.7 X 105/ml. The viability of the myeloma cells cultured in GIT was constantly more than 95%. Another C3H mouse myeloma cell line, TIB 16, also showed much better growth when cultured in GIT than in FBS-RPMI (data not shown).
Results of hybridoma establishment. The results of the hybridoma produc- ) were cultured using 6-cm diameter dish for 3 or 4 days. Myeloma cells cultured in GIT were subcultured again in the GIT medium ; myeloma cells cultured in RPMI 1640 plus 10% FBS were also subcultured in RPMI 1640 plus 10% FBS. Lion are summarized in Table 2 . In fusions from No. 1 to No. 6, the myeloma cells propagated in GIT served for cell fusion ; the GIT-HIAT medium was used for hybridoma selection ( GIT GIT-HIAT ). In fusions from No. l' to No. 6', the myeloma cells propagated in FBS-RPMI served for cell fusion, and FBS-HIAT was used for hybridoma selection (FBS~FBS-HIAT). The spleen cells used for fusions No. l and No. l' were obtained from the same immunized mice. Similarly, the same spleens were used for cell fusion in Exp. 2 and 2', 3 and 3', 4 and 4', 5 and 5', and 6 and 6', respectively. More than 80% of total seeded wells showed hybridoma colony growth in the fusion experiments from No. l to No. 6 irrespective of the immunized antigens. In fusion experiments from No. l' to No. 6', while hybridoma growth was observed, the percentage of growth positive wells ranged from 12.5% to 38.2%; much lower than in fusion experiments from No. 1 to No. 6. In accordance with the above results, usually more than 3 hybridoma colonies were observed in a single well of the fusion experiments from No. l to No. 6. In the case of fusion experiments from No. l' to No. 6', smaller numbers of hybridoma colonies (1 to 3 colonies) were observed in Effect of four culture schedules on the hybridoma establishment. To obtain the optimal culture schedule for hybridoma production, four culture schedules were tested. The first consisted of the propagation of myeloma cells in the GIT medium and selection of hybridoma cells in the GIT-HIAT medium ( GIT = GIT-HIAT).
The second consisted of the myeloma cells propagated in the FBS medium and selection in GIT-HIAT.
The third consisted of the myeloma cells propagated in the GIT medium and selection in FBS-HIAT.
The fourth consisted of the use of the myeloma cells in FBS-RPMI and selection in FBS-HIAT (FBS~FBS-HIAT).
In these four schedules, cell fusion was done using the same pooled spleen cells from the mice immunized with SRBC and hybridoma colony formation was recorded during the course of cultivation after cell fusion (Fig. 2) . These results indicated that both cultivation of myeloma cells using GIT medium before cell fusion and the selection of hybridoma using GIT-HIAT medium after cell fusion were important to obtain the best fusion efficiency.
Estimation of optimal cell number per well for hybridoma production. Because too many cells sometimes cause culture conditions to deteriorate, optimal cell number in one well for the hybridoma colony formation was tested. Various numbers of myeloma cells and spleen cells after cell fusion were distributed to each well of a 96-well plate. As shown in Fig. 3 , 48 of distributed 48 wells (100%) showed hybridoma colony production when 3 x 104 myeloma cells and 3 x 105 spleen cells were cultured in each well after cell fusion (GIT=GIT-HIAT). 
FBS-HIAT).
Counting of colony number in the well. When 3 X 104 myeloma cells and 3 X 105 spleen cells were distributed to each well ( GIT = GIT-HIAT ), all the wells showed hybridoma colony production (Fig. 3) . Colony counting in the well was done using an inverted microscope (total ; 48 wells). As shown in Fig. 4 , the number of colonies in the wells ranged from 2 to 10; the mean number was 5.23, much more than observed in FBS=FBS-HIAT medium. Fusion frequency determination. Interpolating at the level of Fo=0.37 (Fig.  5) , which corresponds to one hybridoma/well, Poisson analysis demonstrated that the frequency of "precursor" hybrid cell was 1/8,000 under the conditions stated when either SRBC or KLH was used as an immunogen.
DISCUSSION
Though numerous hybridomas have been established, cell fusion efficiency remains unstable. In our 10 most recent fusion experiments, the mean percentage of hybridoma positive wells of seeded wells was 17.6%, ranging from 0.83% to 34.4%. To improve the fusion efficiency, many investigators have proposed revision of cell fusion methods, such as the selection of a good lot of fetal bovine serum, the use of low toxic polyethylene glycol (PEG), the use of feeder cells, an electro-cell fusion method, enhancing cell attachment by lectins, and so on (Westerwoudt 1985; Cianfriglia et al. 1986; Long et al. 1986; Ransom 1986 ). In the present experiments, described here, marked and stable improvement of cell fusion efficiency was obtained by using the GIT medium, developed quite recently. More than 80% of seeded wells were hybridoma colony positive irrespective of the antigens, and the hybridomas selected by using the GIT-HIAT medium produced specific antibody quite well, indicating that the desired hybridoma clones can be obtained much easier than before using of the GIT medium.
When 3 x 104 myeloma cells and 3 X 105 spleen cells were seeded in a well, many hybridoma colonies (mean 5.23, range 2 to 10 colonies) were observed using the GIT medium for myeloma cultivation and the GIT-HIAT medium for the subsequent selection of hybridoma cells.
When specific efficiency of fusion was defined as the number of specific antibody-producing wells x 100 per 106 spleen cells according to Erkman (Erkman et al. 1987 ), the present result in the case of seeding 3 X 104 myeloma cells to each well ranged over 300.
From these results, we expected that fewer than 104 parental myeloma cells contained one "precursor" hybrid cell. To confirm this, a graded number of myeloma cells and spleen cells were distributed to a 96-well microplate after cell fusion in the same as the limiting dilution method. The fusion frequency was calculated by plotting the fraction of nonresponding microcultures vs. input of parental cells per well. About 8 X 103 parental myeloma cells contained one "precursor" hybrid cell when SRBC or KLH was used as an immunogen (Fig . 5 ).
This efficiency is much better than those reported previously (Cianfriglia et al. 1986; Lane et al. 1986; Long et al. 1986 ).
Another advantage of the GIT medium is that it has very little lot-to-lot variation (data not shown). We have used six lots of GIT medium so far, and have found that hybridoma production is very constant. In addition, B cell hybridoma in GIT produced about twice as much antibody as hybridoma cultured in RPMI 1640 plus 10% FBS when the same hybridoma was compared in two different culture media. We used GIT medium to clone hybridomas by limiting dilution method and found that cloning efficiency also increased as compared with RPMI 1640 plus 10% FBS.
It is not completely clear why the GIT medium is good for hybridoma production. One reason is that the medium is suitable to propagate myeloma cells. It was developed by checking mainly the growth of myeloma cells and hybridoma cells as an index. Unbelievably good viability of myeloma cells was observed in the GIT medium ; more than 95% viability constantly. As shown in Fig. 2 , GIT is also favorable for hybridoma selection. The growth factor in serum (GFS), which was added in GIT, is composed of 55% to 70% ammonium sulfate fraction of bovine serum and is devoid of bovine y globulin. It follows that the GIT medium is completely free from natural antibody that may sometimes hinder cell function. Murakami and co-workers reported ethanolamine as being essential for hybridoma growth under serum-free medium, and the ethanolamine in the GIT medium must also play an important role in hybridoma production (Murakami et al. 1982; Kovar and Franek 1986 ). Yabe et al. (1986) have described the development of a new serum-free medium, designated as NYSF which is a very peculiar and interesting culture medium for selective proliferation of B cell hybridomas. This NYSF medium is a 1:1 mixture of RPMI 1640 and MEM supplemented with hypoxanthine, thymidine, insulin, dihydroxyethylglycine, transferrin, ethanolamine, selenite, amino acids, and so on. In NYSF medium, mouse myeloma cells do not grow and only hybridoma cells can survive. For this reason, addition of HAT is not necessary and enhanced hybridoma production has been reported. We have used the NYSF medium and found that the efficacy of the medium for hybridoma production is similar to that of GIT-HIAT, provided that P3X63Ag8-653 myeloma cells are propagated in GIT before cell fusion. The utility of the NYSF medium is limited only when myeloma cells of near diploid type are used as partner cells. We used another myeloma cell line, Sp-2, which is near tetraploid type and found that enhanced hybridoma production was also observed by using the GIT medium. The usefulness of the GIT medium in hybridoma production is not limited to P3X63Ag8-653 cells but can be also applied to other myeloma cells. In our preliminary experiements, human myeloma cells grew more rapidly in the GIT medium than in the RPMI 1640 medium enriched with 10% FBS. The use of the GIT medium should greatly improve human-human hybridoma production.
